Beer spoilage bacteria and hop resistance in Lactobacillus brevis by Sakamoto, Kanta
  
 University of Groningen
Beer spoilage bacteria and hop resistance in Lactobacillus brevis
Sakamoto, Kanta
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2002
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Sakamoto, K. (2002). Beer spoilage bacteria and hop resistance in Lactobacillus brevis. Groningen: s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the




Amachi, S., Ishikawa, K., Toyoda, S., Kagawa, Y., Yokota, A., and Tomita, F. (1998)
Characterization of a mutant of Lactococcus lactis with reduced membrane-
bound ATPase activity under acidic conditions. Biosci. Biotechnol. Biochem.
62:1574-1580.
Anderson, D. G. and McKay, L. L. (1983) Simple and rapid method for isolating large
plasmid DNA form lactic streptococci. Appl. Environ. Microbiol. 46:549-552.
Anon. (1997) Validation of the Publication of New Names and New Combinations
Previously Effectively Published Outside the IJSB. Int. J. Syst. Bacteriol. 47:601-
602.
Archibald, F. S. and Duong, M. -N. (1984) Manganese acquisition by Lactobacillus
plantarum. J. Bacteriol. 158:1-8.
Archibald, F. S. and Fridovich, I. (1981a) Manganese and defenses against oxygen toxicity
in Lactobacillus plantarum. J. Bacteriol. 145:442-451.
Archibald, F. S. and Fridovich, I. (1981b) Manganese, superoxide dismutase, and oxygen
tolerance in some lactic acid bacteria. J. Bacteriol. 146:928-936.
Arikado, E., Ishihara, H., Ehara, T., Shibata, C., Saito, H., Kakegawa, T., Igarashi, K., and
Kobayashi, H. (1999) Enzyme level of enterococcal F1F0-ATPase is regulated by
pH at the step of assembly. Eur. J. Biochem. 259:262-268.
Aukrust, T. W. and Blom, H. (1992) Transfromation of Lactobacillus strains used in meat
and vegetable fermentations. Food Res. Int. 25:253-261.
Aukrust, T. W., Brurberg, M. B., and Nes, I. F. (1995) Transformation of Lactobacillus by
electroporation. Methods Mol. Biol. 47:201-208.
Back, W. (1978) Zur Taxonomie der Gattung Pediococcus. Brauwiss. 31:237-250, 312-320
and 336.
Back, W. (1980) Bierschädlich Bakterien. Nachweis und Kultivierung bierschädlicher
Bakterien im Betriebslabor. Brauwelt 120:1562
Back, W. (1981) Beer spoilage bacteria. Taxonomy of beer spoilage bacteria. Gram
positive species. Monatsschr. Brau. 34:267-276.
Back, W. (1987) Neubeschreibung einer bierschaedlichen Laktobazillen-Art. Lactobacillus
brevisimilis spec. nov. Manatsshr. Brauwiss. 40:484-488.
Back, W. (1994) Secondary contamination in the filling area. Brauwelt Int. 4:326-328.
Back, W. and Stackebrandt, E. (1978) DNS/DNS-Homologie studien innerhalb der Gattung
Pediococcus. Arch. Mikrobiol. 118:79-85.
Back, W., Bohak, I., Ehrmann, M., Ludwig, W., and Schleifer, K. H. (1996) Revival of the
species Lactobacillus lindneri and the design of a species specific oligonucleotide
probe. System. Appl. Microbiol. 19:322-325.
Back, W., Breu, S., and Weigand, C. (1988) Infektionsursachen im jahre 1987.  Brauwelt.
178:1358-1362.
Back, W., Leibhard, M., and Bohak, I. (1992) Flash pasteurization- membrane filtration.
Comparative biological safety. Brauwelt Int. 12:42-49.
Back, W., Weiss, N., and Seidel, H. (1979) Isolierung und systematische Zuordnung
bierschädlicher gramnegativer Bakterien. Brauwiss. 32:233-238.
REFERENCES
84
Barney, M. and Kot, E. (1992) A comparison of rapid microbiological methods for
detecting beer spoilage microorganisms. MBAA T. Q. 29:91-95.
Barney, M., Volgyi, A., Navarro, A. and Ryder, D. (2001) Riboprinting and 16S rRNA
gene sequencing for identification of brewery Pediococcus isolates. Appl.
Enviorn. Microbiol. 67:553-560.
Berthier, F., Zagorec, M., Champomier-Vergès, M., Ehrlich, S. D., and Morel-Diville, F.
(1996) Efficient transformation of Lactobacillus sake by electroporation.
Bhowmik, T., and Steele, J. L. (1993) Development of an electroporation procedure for
gene disruption in Lactobacillus helveticus CNRZ 32. J. Gen. Microbiol.
139:1433-1439.
Bischoff, E., Bohak, I., Back, W., and Leibhard, S. (2001) Schnellnachweis von
bierschädlichen Bakterien mit PCR und universellen Primern. Monatsschr. Brau.
54:4-8.
Bolhuis, H., van Veen, H. W., Molenaar, D., Poolman, B., Driessen, A. J. M., and Konings,
W. N. (1996) Multidrug resistance in Lactococcus lactis: evidence for ATP-
dependent drug extrusion from the inner leaflet of the cytoplasmic membrane.
EMBO J. 15:4239-4245.
Bolhuis, H., Molenaar, D., Poelarends, G., van Veen, H. W., Poolman, B., Driessen, A. J.
M., and Konings, W. N. (1994) Proton motive force-driven and ATP-dependent
drug extrusion systems in multidrug-resistant Lactococcus lactis. J. Bacteriol.
176:6957-6964.
Bolhuis, H., Poelarends, G., van Veen, H. W., Poolman, B., Driessen, A. J. M., and
Konings, W. N. (1995) The lactococcal lmrP gene encodes a proton motive force-
dependent drug transporter. J. Biol. Chem. 270:26092-26098.
Brewery Convention of Japan (1999) BCOJ Biseibutu Bunsekihou, 8.2 (in Japanese),
Brewing Society of Japan, Tokyo.
Bunker, H. J. (1955) The survival of pathogenic bacteria in beer. Proc. Eur. Brew. Conv.
Baden-Baden, 330-341.
Chassy, B. M. and Flickinger, J. L. (1987) Transformation of Lactobacillus casei by
electroporation. FEMS Microbiol. Lett. 44:173-177.
Chelack, B. J. and Ingledew, W. M. (1987) Anaerobic Gram-negative bacteria in brewing -
a review. J. Am. Soc. Brew. Chem. 45:123-127.
Chen, C., Chin, J. E., Kozumitsu, U. Clark, D. P., Pastan, I., Gottesman, M. M., and
Roninson, I. B. (1986) Internal duplication and homology with bacterial transport
proteins in the mdr1 (P-glycoprotein) gene from multidrug-resistant human cells.
Cell 47:381-389.
Claussen, O. G., Hegna, I. K., and Solberg, O. (1975) Agglutination tests as an aid to the
classification of pediococci and aerococci. J. Inst. Brew. 81:440-443.
Claussen, O. G., Hegna, I. K., Kjeldaas, L., Palmer, L., and Tjade, O. H. (1981)
Precipitation tests as an aid to the classification of pediococci and aerococci. J.
Inst. Brew. 87:141-146.
Cone, R. W., Hobson, A. C., and Huang, M. L. (1992) Coamplified positive control detects
inhibition of polymerase chain reaction. J. Clin. Microbiol. 30:3185-3189.
Cunnin, R., Glansdorff, N., Pierard, A., and Stalon, V. (1986) Biosynthesis and metabolism
of arginine in bacteria. Microbiol. Rev. 50:314-352.
REFERENCES
85
Davies, J. (1994) Inactivation of antibiotics and the dissemination of resistance genes.
Science 264:375-382.
de Keukeleire, D. and Verzele, M. (1970) The structure and absolute configuration of (-)
humulone. Tetrahedron 26:385-393.
de Keukeleire, D. and Verzele, M. (1971) The absolute configuration of the isohumulones
and the humulinic acids. Tetrahedron 27:4939-4945.
de Ruyter, P. G. G. A., Kuipers, O. P., and de Vos, W. M. (1996) Controlled gene
expression systems for Lactococcus lactis with the food-grade inducer nisin.
Appl. Environ. Microbiol. 62:3662-3667.
De Vrij, W. Bulthuis, R. A., Konings, W. N. (1988) Comparative study of energy-
transducing properties of cytoplasmic membranes from mesophilic and
thermophilic Bacillus species. J. Bacteriol. 170:2359-2366.
DiMichele, L. J. and Lewis, M. J. (1993) Rapid species-specific detection of lactic acid
bacteria from beer using polymerase chain reaction. J. Am. Soc. Brew. Chem.
51:63-66.
Dolezil, L. and Kirsop, B. H. (1976) The detection and identification of Pediococcus and
Micrococcus in breweries using a serological method. J. Inst. Brew. 82:93-95.
Dowhanick, T. M. (1995) Advances in yeast and contaminant determination: The future of
the so-called 'rapid' methods. Cerevisia Belg. J. Brew. Biotechnol. 20:40-50.
Dowhanick, T. M. and Russell, I. (1993) Beer and wine production. In Gump, B. H. (ed.)
ACS symp. Ser. 536:13-30.
Doyle, L. M., McInerney, J. O., Mooney, J., Powell, R., Haikara, A., and Moran, A. P.
(1995) Sequence of the gene encoding 16S rRNA of the beer spoilage organism
Megasphaera cerevisiae. J. Ind. Microbiol. 15:67-70.
Driessen, A. J. M., Brundage, L., Hendrick, J. P., Schiebel, E., and Wickner, W. (1991)
Preprotein Translocase of Escherichia coli: Solubilization, Purification and
Reconstitution of the Integral Membrane Subunits SecY/E. Methods Cell Biol.
34: 147-165.
European Brewery Convention (1992) Detection of contaminants. EBC Analytica
Microbiologica II, Section 4, European Brewery Convention, Fachverlag Hans
Carl, Nürnberg.
Farrow, J. A. E., Phillips, B. A., and Collins, M. D. (1988) Nucleic acid studies on some
heterofermentative lactobacilli: Description of Lactobacillus malefermentans sp.
nov. and Lactobacillus parabuchneri sp. nov. FEMS. Microbiol. Letts. 55:163-
168.
Fernandez, J. L. and Simpson, W. J. (1993) Aspects of the resistance of lactic acid bacteria
to hop bitter acids. J. Appl. Bacteriol. 75:315-319.
Fernandez, J. L. and Simpson, W. J. (1995a) Measurement and prediction of the
susceptibility of lager beer to spoilage by lactic acid bacteria. J. Appl. Bacteriol.
78:419-425.
Fernandez, J. L. and Simpson, W. J. (1995b) A cost-effective solution to control of
microbiological stability? Proc. Eur. Brew. Conv. Brussels, 713-722.
Funahashi, W., Suzuki, K., Ohtake, Y., and Yamashita, H. (1998) Two novel beer-spoilage




Gares, S. L., Whiting, M. S., Ingledew, W. M. and Ziola, B. (1993) Detection and
identification of Pectinatus cerevisiiphilus using surface-reactive monoclonal
antibodies in a membrane filter-based fluoroimmunoassay. J. Am. Soc. Brew.
Chem. 51:158-163.
Haikara, A. (1983) Immunological characterization of Pectinatus cerevisiiphilus strains.
Appl. Environ. Microbiol. 46:1054-1058.
Haikara, A. (1985a) Detection of anaerobic, gram-negative bacteria in beer. Monatsschr.
Brauwiss. 38:239-243.
Haikara, A. (1985b) Detection of Pectinatus contaminants in beer. J. Am. Soc. Brew.
Chem. 43:43-46.
Haikara, A. (1991) The genera Pectinatus and Megasphaera. In Balows, A., Truper, H. G.,
Dworkin, M., Harder, W., and Schleifer, K. -H. (eds). The procaryotes. Springer
Verlag, New York. 1993-2004.
Haikara, A. and Lounatmaa, K. (1987) Characterization of Megasphaera sp. A new
anaerobic beer spoilage coccus. Proc. Eur. Brew. Conv., Madrid. 473-480.
Haikara, A., Penttila, L., Enari, T. M., and Lounatmaa, K. (1981) Microbiological,
biochemical, and electron microscopic characterization of a Pectinatus strain.
Appl. Environ. Microbiol. 41:511-517.
Hammond, J. R. M. (1996) Brewing microbiology 100 years after Pasteur. Cerevisia Belg.
J. Brew. Biotechnol. 21:59-62.
Hammond, J., Brennan, M. and Price, A. (1999) The control of microbial spoilage of beer.
J. Inst. Brew. 105:113-120.
Harris, J. O. and Watson, W. (1960) Observation on some beer spoilage lactobacilli. J. Inst.
Brew. 66:151-154.
Hashiba, H., Takiguchi, R., Ishii, S., and Aoyama, K. (1990) Transformation of
Lactobacillus helveticus subsp. jugurti with plasmid pLHR by electroporation.
Agric. Biol. Chem. 54:1537-1541.
Hastings, J. H. H. and Walker, T. K. (1928a) Report on the preservative principles of hops.
Part VIII. Some suggested modifications of the gravimetric method for the
evaluation of hops. J. Inst. Brew. 34:9-13.
Hastings, J. H. H. and Walker, T. K. (1928b) Report on the preservative principles of hops.
Part IX. The influence of special methods of drying at low temperatures upon the
antiseptic properties of hops. J. Inst. Brew. 34:556-565.
Hastings, J. H. H. and Walker, T. K. (1929) Report on the preservative principles of hops.
Part X. A simplifying modification of Ford and Tait's gravimetric process for the
evaluation of hops. J. Inst. Brew. 35:229-223.
Hastings, J. H. H., Pyman, F. L., and Walker, T. K. (1926) Report on the preservative
principles of hops. Part VII. A comparison of methods of determining the
preservative properties of hops. J. Inst. Brew. 32:484-502.
Haukeli, A. D. (1980) En ny ølskadelig bakterie i tappet øl. Referat från 18. Det Skan
Dinaviska. Bryggeritekniska Mötet, Stockholm, 111-122.
Hayashi, N., Ito, M., Horiike S. and Taguchi, H. (2001) Molecular cloning of a putative
divalent-cation transporter gene as a new genetic marker for the identification of




Hayduck, F. (1888) Making tetrahydroisoalpha acids and hexahydroisoalpha acids by
catalytic reduction and isomerization. Wochenscher. F. Brauerei, 5:937.
Higgins, C. F. (1992) ABC transporters: from microorganisms to man. Annu. Rev. Cell
Biol. 8:67-113.
Hill, W. E. (1996) The polymerase chain reaction: application for the detection of
foodborne pathogens. Crit. Rev. Food Sci. Nutr. 36:123-173.
Hollerová, I. and Kubizniaková, P. (2001) Monitoring Gram positive bacterial
contamination in Czech breweries. J. Inst. Brew. 107:355-358.
Hough, J. S., Briggs, D. E., and Stevens, R. (1971) In Malting and Brewing Science, p.324,
Chapman and Hall, London.
Hough, J. S., Briggs, D. E., Stevens, R., and Young, T. W. (1982) In Malting and Brewing
Science, vol. 2, 2nd edn, Chapman and Hall, London.
Hough, J. S., Howard, G. A., Slater, C. A. (1957) Bacteriostatic activities of hop resin
materials. J. Inst. Brew. 63:331-333.
Hughes, P. (2000) The significance of iso-α-acids for beer quality, Cambridge prize paper.
J. Inst. Brew. 106:271-276.
Ingram, L. O. and Buttke, T. M. (1984) Effects of alcohols on micro-organisms. Adv.
Microb. Physiol., 25:253-300.
Inoue, T. (1981) The relationship between the performance of yeast and acetohydroxy acid
formation during wort fermentation. MBAA T. Q. 18:62-65.
Jespersen, L. and Jakobsen, M. (1996) Specific spoilage organisms in breweries and
laboratory media for their detection. Int. J. Food Microbiology 33:139-155.
Jönsson, H. and Pettersson, H. -E. (1977) Studies on the citric acid fermentation in lactic
starter cultures with special interest in α-aceto-lactic acid. 2. Metabolic studies.
Milchwissenschaft, 32:587-594.
Juvonen, R. and Satokari, R. (1999) Detection of spoilage bacteria in beer by polymerase
chain reaction. J. Am. Soc. Brew. Chem. 57:99-103.
Kirchner, G., Lurz, R., and Matsuzawa, K. (1980) Biertrübungen durch Bakterien der
Gattung Bacteroides. Monatsshr. Brau. 33:461-467.
Klein, J. R., Ulrich, C., Wegmann, U., Meyer-Barton, E., Plapp, R., and Henrich, B. (1995)
Molecular tools for the genetic modification of dairy lactobacilli. Syst. Appl.
Microbiol. 18:493-503.
Kobayashi, H., Suzuki, T., and Unemoto, Y. (1986) Streptococcal cytoplasmic pH is
regulated by changes in amount and activity of a proton-translocating ATPase. J.
Biol. Chem. 261:627-630.
Kobayashi, H., Suzuki, T., Kinoshita, N., and Unemoto, T. (1984) Amplification of the
Streptococcus faecalis proton-translocating ATPase by a decrease in cytoplasmic
pH. J. Bacteriol. 158:1157-1160.
Kok, J., van der Vossen, J. M. B., and Venema, G. (1984) Construction of plasmid cloning
vectors for lactic streptcocci which also replicate in Bacillus subtilis and
Escherichia coli. Appl. Environ. Microbiol. 48:726-731.
Konings, W. N., Lolkema, J., and Poolman, B. (1995) The generation of metabolic energy
by solute transport. Arch.Microbiol.164: 235-242.
Laemmli, U. K. (1970) Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature (London) 227:680-685.
REFERENCES
88
Lane, D. J. (1991) Nucleic acid techniques in bacterial systematics (Stackbrandt, E. and
Goodfellow, M. eds), New York: John Wiley & Sons, 115-175.
Lawrence, D. R. and Priest, F. G. (1981) Identification of brewery cocci. Proc. Eur. Brew.
Conv., Copenhagen, 217-227.
Lawrence, D. R. (1988) Spoilage organisims in beer. In: R. K. Robinson (editor),
Development in Food Microbiology. Elsvier, London, 1-48.
Le Pecq, J. B. and Paoletti, C. (1967) A fluorescent complex between ethidium bromide
and nucleic acids. J. Mol. Biol. 27:87-106.
Lee, S. Y. (1994) SMMP - A medium for selective isolation for Megasphaera and
Pectinatus from the brewery. J. Am. Soc. Brew. Chem. 52:115-119.
Lee, S. Y., Mabee, M. S., and Jangaard, N. O. (1978) Pectinatus, a new genus of the family
bacteroidaceae. Int. J. Syst. Bacteriol. 28:582-594.
Lee, S. Y., Mabee, M. S., Jangaard, N. O., and Horiuchi, E. K. (1980) Pectinatus, a new
genus of bacteria capable of growth in hopped beer. J. Inst. Brew. 86:28-30.
Luchansky, J. B., Muriana, P. M., and Klaenhammer, T. R. (1988) Application of
electroporation for transfer of plasmid DNA to Lactobacillus, Lactococcus,
Leuconostoc, Listeria, Pediococcus, Bacillus, Staphylococcus, Enterococcus and
Propionibacterium. Mol. Microbiol. 2:637-646.
Macrae, R. M. (1964) The significance of the use of hops in regard to the biological
stability of beer. I. Review and preliminary studies. J. Inst. Brew. 70:340-344.
Macrae, R. M., Brandy, B. L., and Richards, M. (1965) The significance of the use of hops
in regard to the biological stability of beer III. The microflora of hops. J. Inst.
Brew. 71:57-61.
Margolles, M., Putman, M., van Veen, H. W., and Konings, W. N. (1999) The purified and
functionally reconstituted multidrug transporter LmrA of Lactococcus lactis
mediates the transbilayer movement of specific fluorescent phospholipids.
Biochemistry 38:16298-16306.
McCaig, R. and Weaver, R. L. (1983) Physiological studies on pediococci. MBAA T. Q.,
20:31-38.
Moir, M. (2000) Hops - A millennium review. J. Am. Soc. Brew. Chem. 58:131-146.
Motoyama, Y. and Ogata, T. (2000) Detection of Pectinatus spp. by PCR using 16S-23S
rDNA spacer regions. J. Am. Soc. Brew. Chem. 58:4-7.
Motoyama, Y., Funahashi, W. and Ogata, T. (2000) Characterization of Lactobacillus spp.
by ribotyping. J. Am. Soc. Brew. Chem. 58:1-3.
Motoyama, Y., Ogata, T., and Sakai, K. (1998) Characterization of Pectinatus
cerevisiiphilus and P. frisingensis by ribotyping. J. Am. Soc. Brew. Chem. 56:19-
23.
Nakakita, Y., Takahashi, T., Sugiyama, H., Shigyo, T. and Shinotsuka, K. (1998) Isolation
of novel beer-spoilage bacteria from brewery environment. J. Am. Soc. Brew.
Chem. 56:114-117.
Neyfakh, A. A., Bidnenko, V. E. and Chen, L. B. (1991) Efflux-mediated multidrug
resistance in Bacillus subtilis: Similarities and dissimilarities with mammalian
system. Proc. Natl. Acad. Sci. U.S.A. 88:4781-4785.




Okazaki, Z., Usui, Y., and Suzuki, K. (1997) Early evaluation of lactobacilli for production
of beer. Japanese Patent. JP2869860.
Olsen, I., Johnson, J. L., Moore, L. V. H. and Moore, W. E. C. (1991) Lactobacillus uli sp.
nov. and Lactobacillus rimae sp. nov. from human gingival crevice and emended
description of Lactobacillus minutus and Streptococcus parvulus. Int. J. Syst.
Bacteriol. 41:261-266.
Pasteur, M. L. (1876) Études sur La Bière. Gauthier-Villars, Imprimeur- Libraire. Paris.
Perpete, P., van Cutsem, P., Boutte, C., Colson-Corbisier, A. -M., and Collin, S. (2001)
Amplified fragment-length polymorphism, a new method for the analysis of
brewer's yeast DNA polymorphism. J. Am. Soc. Brew. Chem. 59:195-200.
Poolman, B., Driessen, A. J. M., and Konings, W. N. (1987) Regulation of arginine-
ornithine exchange and the arginine deiminase pathway in Streptococcus lactis. J.
Bacteriol. 169:2755-2761.
Price, A. (1997) The occurrence and detection of Pectinatus and Megasphaera. BRFI Q.
July:5-9.
Price, A. and Stapely S. J. (2001) The antibacterial activity of hop iso-α-acids. BRi Q.
1:20-21.
Priest, F. G. (1987) Gram-positive brewery bacteria. In Priest, F. G. and Cambell, I. (eds),
Brewing Microbiology. Elsevier, London, 121-154.
Priest, F. G. (1996) Gram-positive brewery bacteria. In Priest, F. G. and Cambell, I. (eds),
Brewing Microbiology. 2nd eds. Chapman and Hall, London, 127-161.
Putman, M., van Veen, H. W., and Konings, W. N. (2000a) Molecular properties of
bacterial multidrug transporters. Microbiol. Mol. Biol. Rev. 64:672-693.
Putman, M., van Veen, H. W., Poolman, B., and Konings, W. N. (1999) Restrictive use of
detergents in the functional reconstitution of the secondary multidrug transporter
LmrP. Biochemistry 38:1002-1008.
Putman, M., van Veen, H. W., Degener, J. E., and Konings, W. N. (2000b) Antibiotic
resistance: era of the multidrug pump. Mol. Microbiol. 36:772-774.
Pyman, F. L., Rogerson, H. and Walker, T. K. (1922) Report on the preservative principles
of hops. Part I. J. Inst. Brew. 28:929-934.
Rainbow, C. (1981) Beer spoilage microorganisms. In C. Rainbow (ed), Brewing Science
2:491-550. Academic press (London, New York, Toronto, Sydney, San
Francisco).
Richards, M. and Macrae, R. M. (1964) The significance of the use of hops in regard to the
biological stability of beer II. The development of resistance to hop resins by
strains of lactobacilli. J. Inst. Brew. 70:484-488.
Rigby, F. L. and Bethune, J. L. (1952) Countercurrent distribution of hop constituents.
Proc. Am. Soc. Brew. Chem. 98-105.
Rigby, F. L. and Bethune, J. L. (1953) Countercurrent distribution of hop constituents. The
isolation and properties of cohumulone. Proc. Am. Soc. Brew. Chem. 119-129.
Rinck, M. and Wackerbauer, K. (1987a) Detection and serological classification of lactic
acid bacteria, especially L. lindneri. Monatsschr. Brauwiss. 40:324-327.
Rinck, M. and Wackerbauer, K. (1987b) Detection and serological classification of lactic
acid bacteria, especially L. lindneri. Brauwelt Int. 2:181-184
Rossen, L., Norskov, P., Holmstorm, K. and Rasmussen, O. F. (1992) Inhibition of PCR by
REFERENCES
90
components of food samples, microbial diagnostic assays and DNA-extraction
solutions. Int. J. Food Microbiol. 17:37-45.
Sakamoto, K, van Veen, H. W., Saito, H., Kobayashi, H., and Konings, W. N. The
Membrane bound ATPase contributes to hop resistance of Lactobacillus brevis.
Submitted to Appl. Environ. Microbiol.
Sakamoto, K. (1997) Detection of the genus Pectinatus. Japanese Patent Application JP09-
520359, World Patent Application WO97/20071, US Patent 5869642.
Sakamoto, K., Margolles, A., van Veen, H. W., and Konings, W. N. (2001) Hop resistance
in the beer-spoilage bacterium Lactobacillus brevis is mediated by the ATP-
binding cassette multidrug transporter HorA. J. Bacteriol. 183:5371-5375.
Sakamoto, K., Funahashi, W., Yamashita, H. and Eto, M. (1997) A reliable method for
detection and identification of beer-spoilage bacteria with internal positive
control PCR (IPC-PCR). Proc. Eur. Brew. Conv. Maastricht. 631-638.
Sami, M. (1999) Ph. D. thesis. The university of Tokyo.
Sami, M., Yamashita, H., Kadokura, H., Kitamoto, K., Yoda, K., and Yamasaki, M.
(1997b) A new and rapid method for determination of beer-spoilage ability of
lactobacilli. J. Am. Soc. Brew. Chem. 55:137-140.
Sami, M., Yamashita, H., Hirono, T., Kadokura, H., Kitamoto, K., Yoda, K., and
Yamasaki, M. (1997a) Hop-resistant Lactobacillus brevis contains a novel
plasmid harboring a multidrug resistance-like gene. J. Ferment. Bioeng. 84:1-6.
Sami, M., Suzuki, K., Sakamoto, K., Kadokura, H., Kitamoto, K., and Yoda, K. (1998) A
plasmid pRH45 of Lactobacillus brevis confers hop resistance. J. Gen. Appl.
Microbiol. 44:361-363.
Sasaki, T. (1993) Japanese Patent Application JP05-176777.
Sato, A., Ohtake, Y., Mori, T., and Miyamoto, Y. (1994) A monoclonal antibody specific
for lactic acid bacteria. Japanese Patent Application JP06-046881.
Satokari R., Juvonen, R., von Wright, A., and Haikara, A. (1997) Detection of Pectinatus
beer spoilage bacteria by using the polymerase chain reaction. J. Food Protect.
60:1571-1573.
Satokari, R., Juvonen, R., Mallison, K., Wright, A. V., and Haikara, A. (1998) Detection of
beer spoilage bacteria Megasphaera and Pectinatus by polymerase chain reaction
and colorimetric microplate hybridization. Int. J. Food Microbiology 45:119-127.
Satokari, R., Mattia-Sandholm, T., and Suihko, M. -L. (2000) Identification of pediococci
by ribotyping. J. Appl. Microbiol. 88:260-265.
Savard, L., Hutchinson, J. N. G., and Dowhanick, T. M. (1994) Characterization of
different isolates of Obesumbacterium proteus using randam amplified
polymorophic DNA. J. Am. Soc. Brew. Chem. 52:62-65.
Schleifer, K. H., Leuteritz, M., Weiss, N., Ludwig, W., Kirchhof, G., and Seidel-Rüfer, H.
(1990) Taxonomic study of anaerobic, Gram-negative, rod-shaped bacteria form
breweries: Emended description of Pectinatus cerevisiiphilus and description of
Pectinatus frisingensis sp. nov., Selenomonas lacticifex. sp. nov., Zymophilus
raffinosivorans gen. nov., sp. nov., and Zymophilus paucivorans sp. nov. Int. J.
Syst. Bacteriol. 40:19-27.
Schmalreck, A. F. M., Teuber, W., Reininger, W., and Hartl, A. (1975) Structural features
determining the antibiotic potencies of natural and synthetic hop bitter resins,
REFERENCES
91
their precursors and derivatives. Can. J. Microbiol. 21:205-212.
Schmidt, H. -J. (1992) Mikrobiologische Schnellnachweisverfahren - Eine kritische
Betrachtung. Brauwelt, 132:402-409.
Schmidt, H. -J. (1999) Neue und alte Wege in der mikrobiologischen Absicherung.
Brauwelt, 139:1166-1171.
Schofield, M. (1995) The use of PCR technology. BRFI Q. Jan:20-21.
Seidel, H., Back, W., and Weiss, N. (1979) Isolation and systematic classification of beer
spoilage, Gram-negative bacteria. Part III. What dangers do the Gram-negative
cocci and rods described in parts I and II represent for beer? Brauwissenschaft.
32:262-270.
Seidel-Rüfer, H. (1990) Pectinatus and other morphologically similar Gram negative
anaerobic bacilli from brewing. Monatsshr. Brauwiss. 43:101-105.
Serror, P., Sasaki, T., Dusko Ehrlich, S., and Maguin, E. (2002) Electrotransformation of
Lactobacillus delburueckii subsup. bulgaricus and L. delburueckii subsp. lactis
with various plasmids. Appl. Environ. Microbiol. 68:46-52.
Shapiro, A. B. and Ling, V. (1999) Extraction of Hoechst 33342 from the cytoplasmic
leaflet of the plasma membrane by P-glycoprotein. Eur. J. Biochem. 250:122-
129.
Sharpe, M. E. (1955) A serological classification of lactobacilli. J. Gen. Microbiol. 12:107-
122.
Sharpe, M. E. (1979) In Identification Methods for Microbiologists, 2nd Edition (F. A.
Skinner & D. W. Lovelock, eds), Academic Press, London and New York, p.233.
Sharpe, M. E., Davison, A. L., and Baddiley, J. (1964) Teichoic acids and group antigens in
lactobacilli. J. Gen. Microbiol. 34:333-340.
Shimwell, J. L. (1936a) A study of the common rod bacteria of brewers' yeast. J. Inst.
Brew. 42:119-127.
Shimwell, J. L. (1936b) Note on hop antiseptic as a possible cause of ropiness. J. Inst.
Brew. 42:127-129.
Shimwell, J. L. (1936c) Saccharobacillus infection. J. Inst. Brew. 42:452-460.
Shimwell, J. L. (1936d) Study of a new species of Acetobacter (A. capsulatum) producing
ropiness in beer and beer-wort. J. Inst. Brew. 42:585-595.
Shimwell, J. L. (1937a) On the relation between the staining properties of bacteria and their
reaction towards hop antiseptic. Part I, II. J. Inst. Brew. 43:111-118.
Shimwell, J. L. (1937b) On the relation between the staining properties of bacteria and their
reaction towards hop antiseptic. Part III. J. Inst. Brew. 43:191-195.
Simpson, W. J. (1991) Molecular structure and antibacterial function of hop resin materials.
Ph. D. thesis. Council for National Academic Awards, UK.
Simpson, W. J. (1993a) Cambridge prize lecture, Studies on the sensitivity of lactic acid
bacteria to hop bitter acids. J. Inst. Brew. 99:405-411.
Simpson, W. J. (1993b) Ionophoric action of trans-isohumulone on Lactobacillus brevis. J.
Gen. Microbiol. 139:1041-1045.
Simpson, W. J. and Fernandez, J. L. (1992) Selection of beer-spoilage lactic acid bacteria
and induction of their ability to grow in beer. Lett. Appl. Microbiol. 14:13-16.
Simpson, W. J. and Fernandez, J. L. (1994) Mechanism of resistance of lactic acid bacteria
to trans-isohumulone. J. Am. Soc. Brew. Chem. 52:9-11.
REFERENCES
92
Simpson, W. J. and Smith, A. R. W. (1992) Factors affecting antibacterial activity of hop
compounds and their derivatives. J. Appl. Bacteriol. 72:327-334.
Simpson, W. J. and Taguchi, H. (1995) The genus Pediococcus, with notes on the genera
Tetragenococcus and Aerococcus. In B. J. B. Wood and W. H. Holzapfel (eds),
The Lactic Acid Bacteria. Vol. 2. The Genera of Lactic Acid Bacteria. Blackie
Academic and Professional, London, 125-172.
Simpson, W. J. and Hughes, P. S. (1993) Cooperative binding of potassium ions to trans-
isohumulone in the presence of divalent and trivalent cations. Bioorg. Med.
Chem. Lett. 3:79-772.
Simpson, W. J., Fernandez, J. L., Hughes, P. S., Parker, D. K., and Price, A. C. (1993) The
chemistry of iso-α-acids: an explanation of their mode of action. Proc. Eur. Brew.
Conv. Oslo 1993. 183-192.
Soberka, R., Sciazko, D., and Warzecha, A. (1988) Pectinatus, a new bacterium potentially
able to affect the biological stability of wort and beer. Part 1. Bios, 19:31-37.
Soberka, R., Sciazko, D., and Warzecha, A. (1989) Pectinatus, a new bacterium potentially
able to affect the biological stability of wort and beer. Part 2. Bios, 20:51-59.
Speckman, R. A. and Collins, E. B. (1968) Diacetyl biosynthesis in Streptococcus
diacetilactis and Leuconostoc citrovorum. J. Bacteriol. 95:174-180.
Speckman, R. A. and Collins, E. B. (1973) Incorporation of radioactive acetate into diacetyl
by Streptococcus diacetilactis. Appl. Microbiol. 26:744-746.
Stewart, R. J. and Dowhanick, T. M. (1996) Rapid detection of lactic acid bacteria in
fermenter samples using a nested polymerase chain reaction. J. Am. Soc. Brew.
Chem. 54:78-84.
Storgårds, E., Suihko, M. -L., Pot, B., Vanhonacker, K., Janssens, D., Broomfield, P. L. E.,
and Banks, J. G. (1998) Detection and identification of Lactobacillus lindneri
from brewery environments. J. Inst. Brew. 104:47-54.
Suihko, M. -L. and Haikara, A. (2000) Characterization of Pectinatus and Megasphaera
strains by automated ribotyping. J. Inst. Brew. 107:175-184.
Suzuki, K., Sami, M., Kadokura, H., Nakajima, H., and Kitamoto, K. (2002) Biochemical
characterization of horA-independent hop resistance mechanism in Lactobacillus
brevis. Int. J. Food Microbiology 76:223-230.
Takahashi, N. (1983) Presumed Pectinatus strain isolated from Japanese beer. Bull. Brew.
Sci. 28:11-14.
Takahashi, T., Nakakita, Y., Sugiyama, H., Shigyo, T. and Shinotsuka, K. (1999)
Classification and identification of strains of Lactobacillus brevis based on
electrophoretic characterization of D-lactate dehydrogenase: Relationship
between D-lactate dehydrogenase and beer-spoilage ability. J. Biosci. Bioeng.
88:500-506.
Tennent, J. M., Lyon, B. R., Midgley, M., Jone, I. G., Prewal, A. S., and Skurray, R. A.
(1989) Physical and biochemical characterization of the qacA gene encoding
antiseptic and disinfectant resistance in Staphylococcus aureus. J. Gen.
Microbiol. 135:1-10.
Teuber, M. and Schmalreck, A. F. (1973) Membrane leakage in Bacillus subtilis 168
induced by the hop constituents lupulone, humulone, isohumulone and humulic
acid. Arch. Mikrobiol. 94:159-171.
REFERENCES
93
The technical committee and the editorial committee of the American Society of Brewing
Chemists. (1992) Microbiology. Microbiological Control. In Methods of Analysis
of the American Society of Brewing Chemists, Eighth Revised Edition, with
1996 and 1999 supplements, American Society of Brewing Chemists, Minnesota,
USA.
Tholozan, J. L., Membré, J. M., and Grivet, J. P. (1997) Physiology and development of
Pectinatus cerevisiiphilus and Pectinatus frisingensis, two strict anaerobic beer
spoilage bacteria. Int. J. Food Microbiology 35:29-39.
Tholozan, J. L., Membré, J. M., and Kubaczka, M. (1996) Effects of culture conditions on
Pectinatus cerevisiiphilus and Pectinatus frisingensis metabolism: a
physiological and statistical approach. J. Appl. Bacteriol. 80:418-424.
Thompson, A. N., Wright, D. M., Pawson, E. C., and Meaden, P. G. (1994) Polymerase
chain reaction tests for lactic acid bacteria. Proc. Aviemore Conf. Malt. Brew.
Distill. 4:213-216.
Tompkins, T. A., Stewart, R., Savard, L., Russell, I., and Dowhanick, T. M. (1996) RAPD-
PCR characterization of brewery yeast and beer spoilage bacteria. J. Am. Soc.
Brew. Chem. 54:91-96.
Tsuchiya, Y., Kaneda, H., Kano, Y., and Koshino, S. (1992) Detection of beer spoilage
organisms by polymerase chain reaction technology. J. Am. Soc. Brew. Chem.
50:64-67.
Tsuchiya, Y., Kano, Y., and Koshino, S. (1993) Detection of Lactobacillus brevis in beer
using polymerase chain reaction technology. J. Am. Soc. Brew. Chem. 51:40-41.
Tsuchiya, Y., Kano, Y., and Koshino, S. (1994) Identification of lactic acid bacteria using
temperature gradient gel electrophoresis for DNA fragments amplified by
polymerase chain reaction. J. Am. Soc. Brew. Chem. 52:95-99.
Tsuchiya, Y., Nakakita, Y., Watari, J. and Shinotsuka, K. (2000) Monoclonal antibodies
specific for the beer-spoilage ability of lactic acid bacteria. J. Am. Soc. Brew.
Chem. 58:89-93.
Uchida, K. (1974) Occurrence of saturated and mono-unsaturated fatty acids with
unusually-long-chains (C20-C30) in Lactobacillus heterohiochii, an
alcoholophilic bacterium. Biochem. Biophys. Acta., 348:86-93.
van Veen, H. W., Margolles, A., Muller, M., Higgins, C. F., and Konings, W. N. (2000)
The homodimeric ATP-binding cassette transporter LmrA mediated multidrug
transport by an alternating two-site (two cylinder engine) mechanism. EMBO J.
19:2503-2514.
van Veen, H. W. and Konings, W. N. (1998a) The ABC family of multidrug transporters in
microorganisms. Biochim. Biophys. Acta 1365:31-36.
van Veen, H. W., Venema, K., Bolhuis, H., Oussenko, I., Kok, J., Poolman, B., Driessen,
A. J. M., and Konings, W. N. (1996) Multidrug resistance mediated by a bacterial
homologue of the human multidrug transporter MDR1. Proc. Natl. Acad. Sci.
USA 93:10668-10672.
van Veen, H. W., Callaghan, R., Soceneantu, L., Sardini, A., Konings, W. N., and Higgins,
C. F. (1998b) A bacterial antibiotic-resistant gene that complements the human
multidrug-resistance P-glycoprotein gene. Nature (London) 391:291-295.
van Vuuren, H. J. J. (1996) Gram-negative spoilage bacteria. In Priest, F. G. and Campbell,
REFERENCES
94
I. (eds), Brewing Microbiology. 2nd edn. Elsevier, London, 163-191.
Verzele, M. (1986) Centenary review, 100 years of hop chemistry and its relevance to
brewing. J. Inst. Brew. 92:32-48.
Viegas, C. A., Almeida, P. F., Cavaco, M., and Sá-Correia, I. (1998) The H+-ATPase in the
plasma membrane of Saccharomyces cerevisiae is activated during growth
latency in octanoic acid-supplemented medium accompanying the decrease in
intracellular pH and cell viability. Appl. Environ. Microbiology 64: 779-783.
Vogesser, G., Donhauser, S., and Winnewisser, W. (1995a) Rapid detection of beer
spoilage Lactobacillus species with the polymerase chain reaction (PCR). Proc.
Eur. Brew. Conv. Brussels, 629-636.
Vogesser, G., Winnewisser, W., and Geiger, E. (1995b) Anwendungen der PCR im
Brauerebereich. Schnellnachweis von bierschaedlichen Lactobacillen (Teil 1).
Brauwelt. 135:1635-1637.
Walker, T. K. (1923a) Report on the preservative principles of hops. Part II. The nature of
the preservative principles of the hop. J. Inst. Brew. 29:373-378.
Walker, T. K. (1923b) Report on the preservative principles of hops. Part III. The extraction
of humulon and lupulon from hop-cones and a new method for the estimation of
the resin content of the cones. J. Inst. Brew. 29:379-399.
Walker, T. K. (1924a) Report on the preservative principles of hops. Part IV. Improvements
in the method of isolation of lupulon and a preliminary examination of the other
constituents of the soft resins. J. Inst. Brew. 30:570-578.
Walker, T. K. (1924b) Report on the preservative principles of hops. Part V. The chemical
constitution of lupulon. J. Inst. Brew. 30:712-724.
Walker, T. K. (1925) Report on the preservative principles of hops. Part VI. Determination
of the relative antiseptic values of the soft resin constituents. J. Inst. Brew.
31:562-577.
Walker, T. K. (1938) Report on the preservative principles of hops. Part XIX. Quantitative
studies of the changes in preservative value during the boiling and fermentation
of hopped worts. Section I. and II. J. Inst. Brew. 44:11-28.
Walker, T. K. (1941) Report on the preservative principles of hops. Part XX. A summary of
the investigations described in Parts I to XIX and a discussion of the significance
of the principal results. J. Inst. Brew. 47:362-370.
Walker, T. K. and Blakebrough, N. (1952) Bacteriostatic power of humulone boiling-
product. J. Inst. Brew. 58:13-24.
Walker, T. K. and Hastings, J. H. H. (1931) Report on the preservative principles of hops.
Part XI. Some preliminary observations of the effects produced by certain
constituents of hop resin during the boiling of hopped wort. J. Inst. Brew. 37:509-
512.
Walker, T. K. and Hastings, J. H. H. (1933a) Report on the preservative principles of hops.
Part XIV. Observations on the development of the antiseptic constituents of hops
and of the tannin during ripening. J. Inst. Brew. 39:15-27.
Walker, T. K. and Hastings, J. H. H. (1933b) Report on the preservative principles of hops.
Part XV. The gravimetric estimation of the antiseptic constituents of hops. J. Inst.
Brew. 39:509-512.
Walker, T. K. and Parker, A. (1936) Report on the preservative principles of hops. Part
REFERENCES
95
XVII. Colour-standards for use in the gravimetric determination of the antiseptic
constituents of hops. J. Inst. Brew. 42:267-272.
Walker, T. K. and Parker, A. (1937a) Report on the preservative principles of hops. Part
XVIII. The theoretical basis of the log phase method for the evaluation of
bacteriostatic power, and the procedure in using phenol as a standard of value. J.
Inst. Brew. 43:17-30.
Walker, T. K. and Parker, A. (1938) Report on the preservative principles of hops. Part
XIX. Quantitative studies of the changes in preservative value during the boiling
and fermentation of hopped worts. Section III. The adsorption of hop antiseptics
on wort colloids. J. Inst. Brew. 44:140-163.
Walker, T. K. and Parker, A. (1940a) Report on the preservative principles of hops. Part
XIX. Quantitative studies of the changes in preservative value during the boiling
and fermentation of hopped worts. Section IV. Deductions from experimental
data obtained by application of the log phase method for estimation of the
bacteriostatic powers of hop resin constituents. The expression of the
bacteriostatic powers of worts and beers in terms of pure humulon. J. Inst. Brew.
46:235-242.
Walker, T. K. and Parker, A. (1940b) Report on the preservative principles of hops. Part
XIX. Quantitative studies of the changes in preservative value during the boiling
and fermentation of hopped worts. Section VI. Changes in preservative value
during brewery processes. J. Inst. Brew. 46:337-361.
Walker, T. K., Hastings, J. H. H., and Farrar, E. J. (1931) Report on the preservative
principles of hops. Part XII. A method for the quantitative comparison of very
small degrees of antiseptic activity and of very small differences between more
pronounced degrees of activity. J. Inst. Brew. 37:512-533.
Walker, T. K., Hastings, J. H. H., and Vero, E. (1935) Report on the preservative principles
of hops. Part XVI. A study of the action of antiseptics on the logarithmic phase of
the growth of B. bulgaricus and the selection of a standard of antiseptic value for
use in the log-phase method for the determination and comparison of antiseptic
powers. J. Inst. Brew. 41:92-102.
Walker, T. K., Hastings, J. H. H., Farrar, E. J., and Day, F. E. (1932) Report on the
preservative principles of hops. Part XIII. A method for the quantitative
comparison of the relative stabilities of hopped worts before and after
fermentations. J. Inst. Brew. 38:303-312.
Walker, T. K., Hastings, J. J. H. and Parker, A. (1940) Report on the preservative principles
of hops. Part XIX. Quantitative studies of the changes in preservative value
during the boiling and fermentation of hopped worts. Section V. The extent to
which the preservative power of humulon, of lupulon and of β-soft resin,
respectively, is lost during boiling in wort and subsequently during fermentation
of the boiled wort. J. Inst. Brew. 46:304-320.
Watier, D., Lenguerinel, I., Hornez, J. -P., and Dubourguier, H. -C. (1993) Influence de
facteurs physico-chimiques sur les cinetiques de croissance de Pectinatus
cerevisiiphilus et de Megasphaera cerevisiae. Sciences des Aliments, 13:297-
304.
Weiss, N., Seidel, H., and Back, W. (1979) Isolation and systematic classification of beer
REFERENCES
96
spoilage, Gram-negative bacteria. Part I. Gram-negative strictly-anaerobic cocci.
Brauwissenshaft. 32:189-194.
Whiting, M. S., Gares, S. L., Ingledew, W. M., and Ziola, B. (1999a) Brewing spoilage
lactobacilli detected using monoclonal antibodies to bacterial surface antigen.
Can. J. Microbiol. 45:51-58.
Whiting, M. S., Ingledew, W. M., Lee, S. Y. and Ziola, B. (1999b) Bacterial surface
antigen-specific monoclonal antibodies used to detect beer spoilage pediococci.
Can. J. Microbiol. 45:670-677.
Whiting, M., Crichlow, M., Ingledew, W. M., and Ziola, B. (1992) Detection of Pediococci
spp. in brewing yeast by a rapid immunoassay. Appl. Environ. Microbiol. 58:713-
716.
Wieland, H., Martz, E., and Hoek, H. (1925) Chemical nature of the hop resin acids. Chem.
Ber. 58B:2012-2017.
Windisch, W., Kolbach, P., and Schleicher, R. (1927) Transformation of the alpha-bitter
acid of hops in boiling aqueous solutions of various reactions and the nature of
the products formed. Wochschr. Brau. 44:453-459, 473-478, 485-490, 497-502.
Yamamoto, Y. (1958) Bakushu Kougyou Yuugaikinrui (in Japanese). Jyouzou Kagaku
Kenkyuusho Suita Kenkyuusho.
Yasui, T. (1995) Detection and identification of lactic acid bacteria. Japanese Patent
Application JP07-289295.
Yasui, T. and Yoda, K. (1997a) The group E antigen is masked by the paracrystalline
surface layer in Lactobacillus brevis. J. Ferment. Bioeng. 84:35-40.
Yasui, T. and Yoda, K. (1997b) Purification and partial characterization of antigen specific
to Lactobacillus brevis strains with beer spoilage activity. FEMS Microbiol. Lett.
151:169-176.
Yasui, T., Okamoto, T., and Taguchi, H. (1997) A specific oligonucleotide primer for the
rapid detection of Lactobacillus lindneri by polymerase chain reaction. Can. J.
Microbiol. 43:157-163.
Yasui, T., Taguchi, H. and Kamiya, T. (1992) Method of group antigen exposure to the cell
surface for rapid detection of Lactobacillus brevis using enzyme immunoassay.
Proc. Inst. Brew. 22:190-192.
Yasui, T., Yoda, K. and Kamiya, T. (1995) Analysis of S-layer proteins of Lactobacillus
brevis. FEMS Microbiol. Lett. 131:181-186.
Ziola, B., Gares, S. L., Lorrain, B., Ingledew W. M., and Lee, S. Y. (1999) Epitope
mapping of monoclonal antibodies specific for directly cross-linked
mesodiaminopimelic acid peptidoglycan found in the anaerobic beer spoilage
bacterium Pectinatus cerevisiiphilus. Can. J. Microbiol. 45:779-785.
Ziola, B., Gee, L., Berg, N. N., and Lee, S. Y. (2000a) Serogroup of the beer spoilage
bacterium Megasphaera cerevisiae correlate with the molecular weight of the
major EDTA-extractable surface protein. Can. J. Microbiol. 46:95-100.
Ziola, B., Ulmer, M., Bueckert, J., and Giesbrecht, D. (2000b) Monoclonal antibodies
showing surface reactivity with Lactobacillus and Pediococcus beer spoilage
bacteria. J. Am. Soc. Brew. Chem. 58:63-68.
